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Introduction

In the modern era of biology, essentially all scientific research involves computation 
in some form [1]. Accordingly, biology curricula from the undergraduate to graduate 
level are increasingly incorporating programming, math, and statistics into their cur-
riculum [2–4]. However, this emphasis on computational skills is not reflected in most 
high school science classes, particularly in underserved communities [5–7]. This 
disparity has consequences, as post-secondary students with no prior exposure to 
programming are more likely to drop out of programming classes at the college level 
than peers with exposure during high school [5,8]. Prior programming exposure is 
also correlated with socio-economic status [7]. Therefore, it is reasonable to suggest 
that differences in exposure to computational science contribute to disparities of 
access and representation in the scientific community.

Addressing the exposure gap across states, school districts, and grade levels is 
complex. A wide variety of programs designed to teach programming skills exist at 
the K-12 level, but many barriers—most notably, resource and time limitations on 
both teachers and students—have prevented uniform adoption [9]. Additionally, these 
programs vary substantially in outcome, with some research suggesting that grass-
roots programs that emphasize broader skills beyond just basic programming and 
connect digital literacy to issues important to the intended recipients produce more 
positive outcomes [10]. If done thoughtfully and in collaboration with primary edu-
cators, universities are uniquely suited to help address the exposure gap on a local 
level: biology departments house a wide variety of scientists with computational skills, 
many of whom are interested in connecting with their local communities and sharing 
their knowledge.

With this in mind, we, a group of trainees at The University of Chicago, started 
University of Chicago COMputational Biology Outreach (UC COMBO) with the goal 
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of contributing to K-12 computational biology education in Chicago. Our mission at 
UC COMBO is to “demystify” coding and quantitative science concepts that may 
initially seem daunting to aspiring life scientists in our community. We aim to inspire 
local students by showcasing numerous educational and career opportunities in 
computational biology and emphasizing the critical importance of computational 
skills across various disciplines within life sciences. As service to our mission, we 
have hosted or participated in 19 events, including 13 workshops that we’ve taught 
at local middle and high schools on the South and West sides of Chicago, and 
six community-centered events aimed at getting local students of all ages excited 
about STEM.

At UC COMBO, we have two goals for each workshop or event that we partici-
pate in, which are aligned with best practices identified by education researchers 
[11–14]. First, we aim to demonstrate why computational skills and thinking are 
important to solving biological problems. We understand that we will not produce 
expert programmers in a two-hour workshop, but believe there is value in introduc-
ing these topics and sparking students’ interest. To meet this goal, we ensure that 
all of our workshops, which are publicly available, center on the application of con-
cepts rather than syntax or memorization. Additionally, we provide a list of online 
programming education tools for students who are interested in learning more. 
Second, we aim to provide students an opportunity to meet working scientists and 
learn about career paths in computational biology. Every workshop includes not 
only a hands-on computational biology activity, but also a talk and/or group dis-
cussion about higher education and STEM careers led by UC COMBO instructors. 
During this session, we discuss some of the research questions we are working on, 
what we do on a day-to-day basis, and how we became scientists. For many of the 
students we have connected with thus far, it was their first time meeting a scientist 
in person, and we have found these conversations to be just as important as the 
lesson itself. Keeping in mind our capacity as a trainee-run organization, these 
goals are both achievable and have components that are testable via feedback 
from both students and teachers.

Starting a computational biology outreach organization has been a challenging yet 
extremely rewarding experience. Below, we provide 10 rules for success that have 
helped us build and expand UC COMBO (see also [15] for suggestions on effective 
process design). It is important to acknowledge that we are not professional K-12 
educators or outreach professionals, but rather are a group of students and postdocs 
who are passionate about computational biology and connecting with our community 
while balancing our research commitments. Yet, we have learned a great deal about 
outreach at the K-12 level. In the spirit of open access, collaborative science, and 
promoting science education, we hope that sharing our experiences and the lessons 
we have learned will help other trainees to get started with computational biology out-
reach. Below, we condense our experiences and suggestions into 10 Simple Rules 
which we believe are broadly relevant to outreach across all STEM fields. These 
rules are organized into five themes: creation, content, connection, community, and 
continuity (Fig 1).
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Rule 1: Find your team and define your mission

Creating a team is a critical first step in starting any outreach group. In our case, we looked for motivated students and 
postdocs within our university ecosystem who were interested in education and community service and willing to devote 
time to launching the organization. Time commitments for each team member will vary greatly depending on the size and 
goals of the group, however, at the start it is ideal for group leadership to have 1–2 h available per week to meet, and 
4–6 h available in the week leading up to your first event. It is important that this group communicates well and aligns on 
the organization’s mission.

To start defining your mission, we recommend asking yourself the following three questions:

1.	What type of outreach are you interested in doing? Would you like to teach at the elementary, middle, or high school 
levels? Do you want to plan one big, yearly event or several smaller events every semester? Do you want to focus on 
any particular subject matter?

2.	What do educators in your community need? What type of programming do teachers and other educators (e.g., after 
school program leaders) think is needed? What other outreach groups exist at your university or in your community, 
and what programming do they provide? Are there “gaps” in current outreach offerings that your group could fill? We 
encourage you to connect with local educators at this stage in order to learn from the source about what would most 
benefit your community (see also Rule 4).

Fig 1.  Overview of the ten simple rules. Each rule aligns with one of five themes: creation, content, connection, community, and continuity.

https://doi.org/10.1371/journal.pcbi.1013281.g001
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3.	What will students get out of your program? Would you like to teach them a new skill? Get them excited about science? 
Learn about future career options? All of the above?

As an example, when starting UC COMBO, we were interested in holding short workshops for the middle- and high-
school grade levels, as well as organizing booths for local STEM fairs. After meeting with local teachers and after-school 
programs, we decided to focus more of our energy on middle school programming, as there were already several groups 
offering outreach to high schools but few for middle schools. We decided that we wanted students to learn why compu-
tational skills are important (in biology, and elsewhere), rather than focusing on teaching syntax, and wanted to introduce 
different educational opportunities and career paths in STEM.

We encourage you to think about how your answers to the questions above fit together. Each is important to the suc-
cess of your program. If you are not interested in the work you are doing, you will not be motivated. If the community does 
not have a need for your program, you will struggle to find opportunities to get involved. And, of course, the goal at the 
end of the day is always for students to get something out of your outreach. We recommend writing a mission statement 
early on, but do not be afraid to change it as your organization evolves.

Rule 2: Get (and stay) organized

Once you have found a committed team and agreed on the mission of your organization, it is important to start getting 
organized. Here, we will discuss what has worked well for our group. First, we found that designing an organizational 
structure such that each member of the group has a well-defined (and non-overlapping) role was key to our productivity 
(Fig 2). Especially at the start of an outreach initiative, the group is likely small and time is limited, so it is helpful to “divide 
and conquer” on important tasks. This structure will likely change over time. In our experience, we found that having one 
person each in charge of school outreach and logistics, workshop creation, and internal operation/organization devel-
opment was a natural fit at the start, and as our group expanded, we added roles relating to volunteer coordination and 
marketing/graphic design. We also expanded scientific content creation into its own committee. Exactly how this setup 
looks will differ depending on your specific goals and team, but having clear responsibilities will help to ensure that all of 
the important tasks are being taken care of.

Fig 2.   Example of an organizational structure used by UC COMBO.

https://doi.org/10.1371/journal.pcbi.1013281.g002
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If your organization will require funding for any supplies or stipends for members, we recommend reaching out to fac-
ulty members, academic departments, or your university’s community service and/or student organization offices. Funding 
needs will vary greatly depending on the goals of your organization. As an example, COMBO was supported for several 
years by discretionary funds of a professor in the Human Genetics department, but we recently obtained status as a Rec-
ognized Student Organization which opens up additional funding and support avenues.

Once you have set up your organizational structure and acquired any necessary funding, it is important to establish 
good habits for communication and documentation. For instance, setting up a recurring meeting time to touch base on 
activities and plan events will help keep goals on track. Setting up a shared digital folder to store meeting notes, event 
information, and workshop materials will help to keep track of important information over time. We have found it helpful as 
well to maintain an “onboarding” document detailing our organizational systems and procedures to help with transitions to 
new teams over time (a template is provided as supplemental material; S1 Appendix). Lastly, we encourage your group to 
take time to set group norms and expectations around work style and practices in order to promote accountability as well 
as to foster an accessible and inclusive environment.

Rule 3: Develop adaptable content

After getting organized, we recommend turning your attention to designing content for your outreach activities. Your mis-
sion will help you create a framework for the key points you want students to take away from every lesson you create. But, 
there are still several important decisions to make. Since you will likely be wanting to reuse lessons for multiple different 
events and workshops in the future, it is important to design activities such that they are adaptable to different amounts of 
time available, numbers and ages of the students, and availability of materials.

The first question to ask is: what do you want to teach? We suggest choosing a problem in biology or medicine that is well-
known, engaging, and accessible for multiple age levels. It is especially helpful to choose topics that are aligned to the local 
public school curriculum (e.g., the NGSS guidelines used in 20/50 states). This will make it easier for teachers to incorporate 
your outreach activities into their classes. Plus, students will be more engaged when the topic is familiar. For example, one of 
our favorite workshops centers around the genetic code (Fig 3). We hold this workshop at a local middle school at the same 
time every year to coincide with that school’s sixth-grade science syllabus. We start by recapping information we know the 
students have seen, e.g., how to read a codon table manually and translate a nucleotide sequence into amino acids. Next, we 
show the students how to do this using Python and explain how this computational approach enables researchers to analyze 
vast amounts of genetic information (e.g., “How long would it take you to decode the entire human genome by hand?”). While 
students have already been exposed to the central dogma, the concept of using computers to translate the sequences is new to 
them. We find that layering on the computational material with familiar biological concepts makes it more accessible.

Having chosen a topic, think about how you will format your lesson. It has been beneficial for us at UC COMBO to 
develop modular content that is easily adaptable to different situations. Every teaching opportunity has different consid-
erations: class times are variable, students have different backgrounds or education levels, and certain resources are 
not always available. Our workshops have typically fallen into three different categories: (1) science-fair booth activities, 
(2) middle school classroom workshops, and (3) high school classroom workshops. These last two categories include 
both workshops given to an entire class or grade-level during the school day and after-school workshops for specialized 
clubs (i.e., science club). For the first category, we frequently employ hands-on activities (e.g., crafts and worksheets) 
developed to get students engaged and excited about the topic, as well as introduce key concepts. For the latter two 
categories, we also prepare short lecture presentations on both biology and coding topics as well as interactive coding 
notebooks to use for the programming portions of our workshops (we format these as Jupyter notebooks and host them 
on Google CoLab). This setup makes it easy for students to open their laptops and start coding immediately without hav-
ing to install any software. For each of the three workshop types above, we can then combine these activities in different 
ways depending on the amount of time available and age of workshop participants.

https://www.nextgenscience.org/
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Rule 4: Keep educators’ goals at the forefront

Your community partners (i.e., schools, museums, libraries, and community centers) will often be constrained in the 
amount of time, money, and resources they have to meet specific academic goals. It is therefore important to keep the 
educator’s needs and goals in the forefront and ensure that your program is aligned with them.

Practically, what does it look like to center your efforts on educators’ goals? As you begin to plan your outreach activi-
ties, look up any education standards or guidelines that apply to the teachers in the school you will be visiting. When you 
approach educators, highlight how your outreach will help students meet those standards and support their classroom 
learning. Often, the topics in a workshop can be interchanged to better align with interests of the class and/or curricular 
goals. For example, our adaptable content (see Rule 3) includes a workshop on the basics of GWAS. This workshop 
supports students in meeting the NGSS standard HS-LS3 regarding the Inheritance and Variation of Traits. Depending on 
whether the class has recently learned about agriculture or human disease, we can adjust the target trait of the simulated 
GWAS in our coding notebook (e.g., crop yield vs. LDL cholesterol).

Even the best-laid plans will need to be adjusted according to educators’ needs, so be open to new setups. It usually 
takes only a few questions to determine how you should structure your outreach event. For example, you might ask:

•	 From a provided overview of the content you have prepared, which topics do they prefer that you teach?

•	 What will they be teaching around the time you visit, and how can you modify what you teach to support their learning 
objectives?

•	 What class size should you prepare for? Do they prefer that you work with one large group of students or several 
smaller groups?

•	 How much time do you have with the students? Will that time be broken up into shorter sessions or over several days?

•	 If you plan on using specific equipment (laptops, a projector, etc.), do they have those materials or should you provide them?

Fig 3.  Schematic depicting two forms of our genetic code workshop (in-class workshops and science fairs/festivals) and materials used for 
each.

https://doi.org/10.1371/journal.pcbi.1013281.g003
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•	 Are any web-based materials you plan to use available on their WiFi? Educational centers sometimes block innocuous 
websites—check this beforehand!

•	 Are there any special circumstances that you need to be aware of? For example, there may be students who are 
learning English as a second language or who have a learning disability. For our genetic code lesson, we have both an 
English and Spanish version of the background slides and coding notebooks prepared, as one of our recurring events 
takes place in classrooms that include some primarily Spanish-speaking students. The teachers alerted us beforehand, 
and we were able to translate the material with the help of volunteers in our network.

When the time comes to actually go and do your outreach activities, make it easier on educators by handling as many 
of the logistics as possible. Their jobs are already difficult enough, so make every effort to avoid complicating them!

Rule 5: Collect and respond to feedback

Once you start holding outreach events, feedback is a crucial tool for growth and improvement. Gathering input from 
students, educators, and volunteers will help assess the impact of your programs and inform continuous improvement 
efforts. It also demonstrates to your community that you value their opinions and are committed to refining your program. 
Finally, for groups seeking funding, such metrics can be useful for demonstrating impact and establishing credibility. In this 
section, we provide some guidelines on feedback collection based on our experience.

1.	  Collecting Feedback: There are multiple ways to collect feedback after an outreach event, and we have found it helpful 
to implement several of these methods in tandem. First, we provide teachers with post-event surveys to ask if they felt 
the material was relevant, engaging, and aligned with their students’ learning needs, as well as ask for suggestions for 
modifications that can be implemented in future workshops. To maximize participation, we design our feedback forms 
to be concise—typically comprising 5–7 questions that can be completed in under five minutes. In addition to feedback 
from teachers, collecting feedback directly from students is invaluable. Short, anonymous feedback forms, featuring 
a mix of yes/no questions, Likert scales (e.g., rating a lesson from 1 to 5), and open-ended questions, are all useful. 
Asking students what they learned and what their favorite and least favorite part of the lesson was yields important data 
that can help you fine-tune your material and delivery.

2.	Creating a Feedback Loop: Collecting feedback is only the first step; the most important part of the process is using 
that information to improve future workshops. After every outreach event, take the time to review all the feedback as 
a team. Documenting the feedback in a centralized place (such as a shared document or spreadsheet) will help your 
team keep track of recurrent themes, allowing you to quickly identify what aspects of your workshop are working well 
and which ones may need adjustment.

Beyond documentation, it is critical to have a system in place for acting on feedback. The feedback process should be 
cyclical: gather information, discuss as a team, implement changes, and then gather feedback again in an ongoing loop 
of refinement. One specific way that feedback has shaped UC COMBO’s programming is in adjusting the technical 
level of our workshops. After our first few events, we noticed that some students were getting lost during the coding 
portion of our workshops, particularly if they had little to no prior experience with computational tools. In response, we 
simplified the main content and then built in challenge problems for more advanced students. This adaptability helped 
make the workshops more inclusive and allowed students of different skill levels to feel comfortable engaging with the 
material.

3.	Closing the Feedback Loop: Responding to feedback isn’t just about internal adjustments—it’s also about maintain-
ing open communication with the educators and institutions you work with. After implementing changes based on 
feedback, let your collaborators know what actions you’ve taken. This could be as simple as a follow-up email to 
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teachers, sharing how their input has shaped future iterations of the workshop. This not only shows your partners 
that their opinions are valued but also builds stronger relationships and trust, making them more likely to work with 
you again in the future.

Finally, closing the feedback loop also means sharing success stories with your team. Recognizing what went well helps 
maintain morale within the outreach group and can guide future planning. By highlighting successful elements, your 
group can build on its strengths while continuing to address areas of improvement.

We also encourage you to understand the feedback that you get within the context of your event. For example, we 
have found that, perhaps unsurprisingly, not all of the students we interact with enjoy learning how to code. And, that is 
ok! Our goal is not to convince every student to major in computer science or become a computational biologist. Different 
students will have different interests, and it’s alright if computational biology isn’t necessarily up their alley. Our goal is to 
make sure that these students still learn something from our outreach and have fun in the process.

Beyond immediate feedback, we suggest employing a combination of pre- and post-workshop assessments to gauge 
knowledge acquisition, track participation rates, and monitor long-term engagement through follow-up surveys.

Rule 6: Build your network

One of the hardest tasks when getting UC COMBO off the ground was connecting with local educators and scheduling 
our first set of events. As graduate students and postdocs who often have only recently moved to our city, our roots in the 
community outside of the university can be limited. With the caveat that not all situations are the same, in this rule, we 
share some of the strategies that have worked for us in terms of building our network in the community.

The first lesson we learned is that cold emails are not the best strategy to reach educators. Teachers are busy and 
often don’t have time to answer cold emails, especially ones from a new, unfamiliar organization. Instead, we found that 
leveraging personal connections was the key to scheduling our first few workshops. We asked all of our members, along 
with people in our department’s ecosystem, if they knew any local teachers (even if they are not science teachers) that 
they could connect us with. In fact, we set up our longest partnership with a local middle school because one of our found-
ing members had a friend who used to be a teacher at the school and was kind enough to introduce us to the current 
team of sixth-grade science teachers. These teachers were eager to work with us to host a workshop that aligned with 
their curriculum, and we have since repeated this workshop every year. Overall, we found that emails which included a 
personal connection were much more likely to get a response, and educators were much more likely to take a chance on 
us—or introduce us to other teachers who would.

We also learned that it is imperative to tap into the local outreach ecosystem. For us, this involved signing up to give 
demos at two different local science fair events. Local STEM fairs and events are also fantastic for networking with 
other like-minded individuals and groups. Alongside our activity, we brought fliers about our organization and talked 
to all adult attendees about what we do. Many attendees are teachers or parents looking for enrichment opportunities 
for their local schools and were excited to connect with us. We have developed several ongoing relationships this way 
which have led to recurring events in the community. Both personal connections and connections to the existing out-
reach ecosystem helped us identify the gaps in current outreach programming and understand the long-term needs of 
our community.

Finally, we encourage you to leverage new relationships into additional connections and set up recurring events. We 
often find it helpful to ask educators in our network to connect us with colleagues who may be interested in our work-
shops—a personal recommendation can go a long way. Additionally, once we complete an event and ask for feedback, 
we always ask our point of contact if they would be interested in us returning next year when they have a new group of 
students. This has been very successful in establishing continuity and has allowed us to improve our workshops while 
building lasting partnerships.
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Rule 7: Recruit (and retain) volunteers

We know that recruiting volunteers for a newly established outreach organization can be challenging at times, and main-
taining engagement is equally difficult due to natural turnover. In this rule, we share a few strategies that have helped us 
build and sustain a group of about 30 volunteers, even as individual participation has varied over time.

1.	Get the word out: Utilize departmental platforms, such as mailing lists and bulletin boards, to promote upcoming events 
and attract potential volunteers. Participate in your university’s student organization and volunteer fairs (this also helps 
to meet others in the outreach ecosystem). At the beginning especially, it helps to cast a broad net. When promoting an 
event, make sure to provide clear information on the expected time commitment, types of tasks involved, and the level 
of experience required so that individuals can make an informed decision about whether volunteering aligns with their 
availability and interests.

2.	Use your academic network: If there are particular people in your department or program with subject matter expertise 
in the material you are teaching, it can be very effective to reach out individually.

3.	Communicate: Effective volunteer recruitment also involves clear communication with volunteers before and after 
events. We recommend scheduling in-person meetings with the volunteers prior to an event in order to provide a 
detailed walk-through of logistics and responsibilities. At this meeting, we find it useful to cover some of the basics 
of inclusive pedagogy practices and role-play some common scenarios. In addition, these meetings are often an 
excellent time to address strategies volunteers may use to deal with more sensitive questions on the lesson topic. 
For example, in our basics of GWAS workshop, we are always careful to instruct our volunteers against making 
generalizations which imply genetic determinism of the complex traits in our discussion. After the event, be sure to 
generously acknowledge the contribution of volunteers and keep them informed about future events and opportuni-
ties. Keep in mind that if volunteers enjoy their experience, they will be more likely to tell their friends and coworkers 
to volunteer too!

4.	Recognize and retain: Retaining volunteers requires ongoing appreciation and engagement. Sending timely thank-you 
emails to volunteers, providing breakfast/lunch for volunteers, and reaching out with regular updates on your organi-
zations’ accomplishments are all great ways to recognize the effort of your volunteers, foster their sense of belonging, 
and encourage them to participate again. If resources allow, we also suggest considering ways to recognize volunteers’ 
experience with teaching certificates or other formal credit through your university or graduate program. These strate-
gies help volunteers feel valued and invested in the organization’s mission over time.

Rule 8: Bring diverse perspectives

Representation matters, especially in STEM fields [16,17]. To support this, we recommend structuring volunteer opportu-
nities in ways that are sustainable and equitable—for example, by providing leadership development and teaching oppor-
tunities in recognition of volunteering work. An environment which is inviting and rewarding to mentors from all identities, 
over time should foster a volunteer base of diverse ethnicities, genders, and other backgrounds, without placing the 
workload disproportionately on historically marginalized groups. Having a volunteer base with diverse backgrounds and 
experiences can also help you to better understand the needs of your students, which will in turn create a more inclusive 
environment for them. When students see role models who reflect their own identities, it can help them to feel more con-
nected to their teaching group and subject matter [18].

Bringing in volunteers from varied career paths can also help students grasp the broad opportunities in computational 
biology. We have found that students are very interested in learning about what a PhD is, asking questions about col-
leges and majors, and what we do in our jobs on a day-to-day basis. For example, students are typically unaware that 
many PhDs are fully funded, and that our job involves more research than coursework. (In fact, one of the most common 
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questions we get is, “How much homework do we have?”) Additionally, we spend time discussing scholarships, fellow-
ships, and other programs that give students an opportunity to work in science labs. We try to expose students to the 
diverse career paths available to those who pursue advanced degrees in STEM, from academia to industry and beyond. 
Lastly, we have found that workshops benefit from including volunteers at different stages of their academic careers who 
can provide unique viewpoints on their experience.

Rule 9: Remember that your presence has an impact

Once you have set up your group, developed your material, and now found volunteers to help you carry out your plan—
we encourage you to think about what you represent when you go to a school or an event. As stated above, many of your 
students will not know any scientists outside of their science teachers, and even fewer will have interacted with practicing 
researchers. Outreach programs are not just about introducing scientific material but also about interacting with scientists. 
And, it has been shown that role models—especially those who counteract stereotypes about scientists—have a mean-
ingful impact on success in STEM [16,18].

We have found that scheduling times for connection as well as more spontaneous communication can lead to mean-
ingful interactions between students and researchers. For example, at the beginning of a workshop, we have volunteers 
spread themselves out in the room so that they can speak to the students in small groups and begin to break the ice. 
Having volunteers introduce themselves and share a few fun facts with the students is a great strategy. These interactions 
help convey that scientists are people too and can make students more comfortable, especially when asking questions 
later in the lesson.

We have also incorporated short “career talks” during many of our outreach events. During these talks, trainees or 
faculty discuss their academic journeys and the research questions they work on. Often, this will be students’ first expo-
sure to university-level research and niche sub-fields of biology. We have seen firsthand that these talks spark invaluable 
discussions for mentors and mentees alike.

Rule 10: Plan for the future

Having described our experience in creating how to create a successful outreach organization, we want to end by 
dwelling on what it takes for this success to continue. A unique challenge for trainee-run organizations is the inherent 
turnover in leadership as students graduate and postdoctoral fellows take new positions. Many of the rules outlined 
above will be helpful in planning for turnover (in particular, Rules 1, 2, and 7). In addition, we encourage leaders of 
trainee-run organizations to continuously recruit new members with an interest in outreach, train more junior members 
to take over their roles, and to document group procedures and contacts as thoroughly as possible. Obtaining support 
(financial or otherwise) at the level of a faculty member, department, or academic office, can also help to sustain the 
program over time. At the end of the day, the key to making any outreach organization last is having a mission and 
programming that everyone—including the trainees, educators, and students in the community—is excited and enthusi-
astic about continuing on.

Conclusion

We hope that these rules have provided some insight into how to improve a current computational biology outreach 
program or given you the tools to start one of your own. We note that even though efforts made by individual groups and 
departments may seem small, these initiatives together can have a huge impact. Encouraging such “grass roots” efforts 
across institutions will help to train a generation of involved, community-minded scientists and expose more and more 
students to opportunities in computational biology and beyond.

Keeping this in mind, we want to end with one of the most important tips to keep in mind as you venture into science 
outreach: have fun with it! Outreach provides a valuable experience for both scientists and the community. For scientists, 
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we invite others into our world and teach them about the curiosities that drive us, sparking interest and excitement in the 
audience. Also, as researchers, we are accustomed to waiting months (if not years) for a project to develop, but outreach 
provides instantaneous joy in seeing students learn and explore. Students, on the other hand, can experience science in 
a way that allows them to connect concepts and ideas with real-world applications and potentially be inspired to pursue 
science or a similar career path. As such, we have to remember that outreach should be a fun experience for everyone 
involved. When we engage with audiences, the joy and passion for what you do must be a given. Our excitement helps 
the students get excited about science, creating a powerful positive feedback loop that can leave a lasting impression long 
after your outreach has concluded.

Supporting information

S1 Appendix.  Onboarding document template. 
(PDF)

Acknowledgments

We would like to thank John Novembre, Eric Friedlander, Dan Rice, and Carla Hoge for comments and discussions about 
this manuscript, as well as the anonymous reviewers for helpful suggestions and feedback. We would also like to thank 
faculty advisor John Novembre for supporting our organization, as well as all of the past and present COMBO volunteers. 
Lastly, thank you to the educators who have worked with us and to all of the students for their excitement and willingness 
to learn.

References
	 1.	 Markowetz F. All biology is computational biology. PLoS Biol. 2017;15(3):e2002050. https://doi.org/10.1371/journal.pbio.2002050 PMID: 28278152

	 2.	 Science AAFTA. Vision and change in undergraduate biology education: a call to action. Washington, DC: Science AAFTA. 2011.

	 3.	 Aikens ML, Eaton CD, Highlander HC. The case for biocalculus: improving student understanding of the utility value of mathematics to biology and 
affect toward mathematics. CBE Life Sci Educ. 2021;20(1):ar5. https://doi.org/10.1187/cbe.20-06-0124 PMID: 33444110

	 4.	 Waldrop LD, Adolph SC, Diniz Behn CG, Braley E, Drew JA, Full RJ, et al. Using active learning to teach concepts and methods in quantitative 
biology. Integr Comp Biol. 2015;55(5):933–48. https://doi.org/10.1093/icb/icv097 PMID: 26269460

	 5.	 Alvarado C, Umbelino G, Minnes M. The persistent effect of pre-college computing experience on college CS course grades. ACM Inroads. 
2018;9(2):58–64. https://doi.org/10.1145/3210551

	 6.	 Margolis J. Stuck in the shallow end, updated edition: Education, race, and computing. MIT Press; 2017.

	 7.	 Martin A, McAlear F, Scott A. Path not found: disparities in access to computer science courses in california high schools. 2015. Available from: 
https://eric.ed.gov/?id=ED561181

	 8.	 Kori K, Pedaste M, Leijen Ä, Tõnisson E. The role of programming experience in ICT students’ learning motivation and academic achievement. Int 
J Inf Educ Technol. 2016;6:331–7.

	 9.	 Vegas E, Fowler B. What do we know about the expansion of K-12 computer science education? 2020. Available from: https://www.brookings.edu/
articles/what-do-we-know-about-the-expansion-of-k-12-computer-science-education/

	10.	 Page JLR. Learning to code isn’t enough. MITS Technol Rev.; 2023. https://www.technologyreview.com/2023/04/20/1071291/
learn-to-code-legacy-new-projects-education/

	11.	 Conner LDC, Tzou C, Tsurusaki BK, Guthrie M, Pompea S, Teal-Sullivan P. Designing STEAM for broad participation in science. Creat Educ. 
2017;8:2222–31.

	12.	 Bailey MSCS. Typology for public engagement with science: a conceptual framework for public engagement involving scientists. Center for 
Research on Lifelong STEM Learning; 2016. Available from: https://www.aaas.org/sites/default/files/content_files/AAAS_Typology.pdf

	13.	 Godinho A. Education, outreach and EDI in education and outreach. In: Proceedings of The European Physical Society Conference on High 
Energy Physics-PoS(EPS-HEP2023), 2023. 019. https://doi.org/10.22323/1.449.0019

	14.	 National Academies of Sciences Engineering, Medicine. How people learn II: learners, contexts, and cultures. Washington, DC: The National Acad-
emies Press; 2018.

	15.	 Taplin Heléne Clark D. Theory of change basics: a primer on theory of change. ActKnowledge; 2012. https://www.theoryofchange.org/wp-content/
uploads/toco_library/pdf/ToCBasics.pdf

http://journals.plos.org/ploscompbiol/article/asset?unique&id=info:doi/10.1371/journal.pcbi.1013281.s001
https://doi.org/10.1371/journal.pbio.2002050
http://www.ncbi.nlm.nih.gov/pubmed/28278152
https://doi.org/10.1187/cbe.20-06-0124
http://www.ncbi.nlm.nih.gov/pubmed/33444110
https://doi.org/10.1093/icb/icv097
http://www.ncbi.nlm.nih.gov/pubmed/26269460
https://doi.org/10.1145/3210551
https://eric.ed.gov/?id=ED561181
https://www.brookings.edu/articles/what-do-we-know-about-the-expansion-of-k-12-computer-science-education/
https://www.brookings.edu/articles/what-do-we-know-about-the-expansion-of-k-12-computer-science-education/
https://www.technologyreview.com/2023/04/20/1071291/learn-to-code-legacy-new-projects-education/
https://www.technologyreview.com/2023/04/20/1071291/learn-to-code-legacy-new-projects-education/
https://www.aaas.org/sites/default/files/content_files/AAAS_Typology.pdf
https://doi.org/10.22323/1.449.0019
https://www.theoryofchange.org/wp-content/uploads/toco_library/pdf/ToCBasics.pdf
https://www.theoryofchange.org/wp-content/uploads/toco_library/pdf/ToCBasics.pdf


PLOS Computational Biology | https://doi.org/10.1371/journal.pcbi.1013281  July 11, 2025 12 / 12

	16.	 Good JJ, Woodzicka JA, Wingfield LC. The effects of gender stereotypic and counter-stereotypic textbook images on science performance. J Soc 
Psychol. 2010;150(2):132–47. https://doi.org/10.1080/00224540903366552 PMID: 20397590

	17.	 Kozlowski D, Larivière V, Sugimoto CR, Monroe-White T. Intersectional inequalities in science. Proc Natl Acad Sci U S A. 
2022;119(2):e2113067119. https://doi.org/10.1073/pnas.2113067119 PMID: 34983876

	18.	 Cheryan S, Siy JO, Vichayapai M, Drury BJ, Kim S. Do female and male role models who embody STEM stereotypes hinder women’s anticipated 
success in STEM?. Soc Psychol Personal Sci. 2011;2(6):656–64. https://doi.org/10.1177/1948550611405218

https://doi.org/10.1080/00224540903366552
http://www.ncbi.nlm.nih.gov/pubmed/20397590
https://doi.org/10.1073/pnas.2113067119
http://www.ncbi.nlm.nih.gov/pubmed/34983876
https://doi.org/10.1177/1948550611405218

